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(54) HIGH PERFORMANCE BLADE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high 
performance blade to further improve efficiency through 
reduction of winding up of a secondary flow, in a high 
performance blade used as the moving blades or the 
stationary blades of a steam turbine and a gas turbine. 
SOLUTION: The shape in the direction of the height of a 
blade of a blade inlet part 2 is formed such that the 
central part of the height of the blade is protruded toward 
the belly 4 side of a blade 1 , and formed in a curved shape 
forming a bow shape in a radial direction. Further, the 
shape, in the direction of the height of a blade, of a blade 
outlet part 6 is formed such that the central part, in the 
direction of the height of a blade, of the blade is formed in 
a curve shape, forming a bow shape, protruding toward the 
back side 5 of the blade 1 to form a blade profile. This 
constitution generates a flow, running toward a tip wall 
surface and a base wall surface, at the blade inlet part 2, 
pressurizes each wall surface, suppresses development of 
a vortex due to a secondary flow and reduces incurring of 

a secondary flow loss, and suppresses a pressure gradient in the direction of the height of the 
blade, occurring at the blade inlet port part 2, at the blade outlet port part 6, reduces the 
occurrence of winding up of a secondary flow due to a pressure gradient, reduces incurring of a 
flow loss due to a secondary flow, and improves the efficiency of a turbine. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] The high performance aerofoil characterized by forming the aerofoil outlet section in the 
curve configuration of the arc shape which made the center section project to a backside in 
aerofoil height while the aerofoil inlet-port section is formed in the curve configuration of the arc 
shape which made the center section project to a venter in aerofoil height in the bucket of a 
steam turbine or a gas turbine, and the high performance aerofoil used as a stationary blade. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In order that this invention may control the secondary flow which 
generates a side-attachment-wall side [ which was arranged near the aerofoil which operates in 
the flow of a uniform flow ] t and surface-area top in the progressing boundary layer, may reduce 
secondary flow loss and may raise internal efficiency, it uses as the three-dimensions aerofoil 
which changed the configuration in three dimensions, and relates to buckets, such as a steam 
turbine or a gas turbine, and the high-performance aerofoil which reaches or was used as a 
stationary blade. 
[0002] 

[Description of the Prior Art] With the high performance reactionary aerofoils, reduction of 
secondary flow loss according to a three-dimensions design method in a bucket and a stationary 
blade is achieved by reaction control. However, in manufacture by the three-dimensions design 
method of the conventional aerofoil, in respect of the side attachment wall which approaches the 
chip and the base of an outer-diameter edge among aerofoils, the secondary flow generated the 
side-attachment-wall side top in the progressing boundary layer, and this flowed out of the trailing 
edge of an aerofoil as an eddy, and had generated secondary flow loss. However, by leaning the 
configuration of the height direction of an aerofoil from a radial line, flow is forced on a side- 
attachment-wall side, development of the eddy in the side-attachment-wall side close to a chip 
and the base is pressed down, the eddy which flows out of the trailing edge of an aerofoil is 
reduced, and the thing aiming at reduction of secondary flow loss has recently been put in 
practical use. Thus, the high performance aerofoil which made the configuration of the height 
direction of an aerofoil incline from a radial direction is usually called the perfect three-dimensions 
aerofoil. 

[0003] Drawing 3 is drawing which looked at the high performance aerofoil which was mentioned 
above, and which was manufactured by the conventional three-dimensions design method from the 
method Kogo style side of a shaft, and is the conceptual diagram showing the flow 05 and 06 which 
flows out of the inside of an aerofoil 01 with the configuration of a trailing edge 02. With the high 
performance aerofoils which are shown in drawing and which formed the aerofoil 01 by which the 
direction was formed in radial direction R in the shape of another straight line in aerofoil height so 
that he could understand from the configuration of a trailing edge 02 By manufacture of aerofoil 01 
configuration by the three-dimensions design method, generate a surface-area top in the 
progressing boundary layer. Although reduction of loss by a secondary flow etc. can be aimed at, 
produce the chip wall surface [ which counters an outer-diameter edge among aerofoils 01, and is 
arranged ] 03, and base wall surface 04 top with the flow in the progressing boundary layer. The 
secondary flow loss which cannot reduce generating of a secondary flow, but produces by the 
secondary flow, and is produced by flowing out of a trailing edge 02 as an eddy was not able to be 
reduced. 

[0004] A high performance aerofoil in drawing seen from the method Kogo style side of a shaft For 
this reason, the configuration of trailing-edge 02', As shown in drawing 6 which is the perspective 
view of drawing 5 which is the perspective view of the high performance aerofoil shown in drawin g 
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4 which shows the flow 05 and 01 1 which flows out of the inside of aerofoil 01 \ and drawing 4 , and 
the high performance aerofoil arranged between the chip wall surface 03 and the base wall surface 
04 A direction receives radial direction R in aerofoil height. In respect of [ about 04 ] a chip 03 and 
the base While making the configuration of a direction incline mutually in aerofoil height in an 
opposite direction, the high performance aerofoil called a perfect three-dimensions aerofoil in 
which the curve of the arc shape which followed the direction in aerofoil height was formed is 
manufactured and used increasingly. 

[0005] Moreover, this kind of high performance aerofoil may also be called a SUKYUDO (Skewed) 
aerofoil or a bow (Bow) aerofoil. Furthermore, with such perfect three-dimensions aerofoils, as 
shown in drawing 5 and drawing 6 , to radial direction R, the curve of the arc shape prepared in the 
aerofoil 02 height direction makes the center section of the direction the amount of the maximum 
protrusions in aerofoil height also with the aerofoil inlet-port section 07 near the first transition, 
and the aerofoil outlet section 08 near trailing-edge 02', and it is formed so that it may be made to 
curve to a **** 09 side. That is, as shown in drawing 5 , while applying only the amount shown in a 
direction by view die length in aerofoil height from first transition to trailing-edge 02' and 
incurvating it to a venter 010 to radial direction R, he is trying to form a bond segment for 
between the tip side to which the tilt angle to radial direction R becomes reverse mutually, and 
base sides by the smooth curve. 

[0006] Since the center section of aerofoil height is incurvated to the venter 09 at the arc shape, 
with such conventional perfect Miyoshi aerofoils to the chip wall surface 03 and about 04 base wall 
surface backside 010 The other forcing flow 011 occurs, respectively on these wall surfaces 03 
and 04 as shown in drawing 4 by the view. Reduction of secondary flow loss can be aimed at by 
reducing the cross flow which the pressure on the chip wall surface 03 and the base wall surface 
04 is raised, and progresses on these wall surfaces 03 and 04 and which is generated in a 
boundary layer. 

[0007] However, the thing for which the chip wall surface 03 and about 04 base wall surface 
pressure is raised in this way A pressure gradient will arise from these 03 or about 04 wall 
surfaces to direction and so-called radial direction R in aerofoil height. By this pressure gradient 
The flow of the mainstream 05 to radial direction R of a secondary flow generated in the boundary 
layer of these wall surfaces 03 and 04 which it will wind, a riser will increase, and this secondary 
flow winds, and passes through the inside of aerofoil 01' by the riser is disturbed, flow loss is 
enlarged, and there is fault that paragraph effectiveness falls. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention raises the pressure the conventional 
high performance aerofoil especially a chip wall surface, and near the base wall surface. The 
property of the conventional perfect three-dimensions aerofoil of reducing the cross flow 
generated within the boundary layer which progresses on these wall surfaces, and having reduced 
secondary flow loss While making it maintain then, in order for the secondary flow which is 
generated with the conventional perfect three-dimensions aerofoils and which is generated by the 
pressure gradient formed in a direction in aerofoil height from on a chip wall surface and a base 
wall surface to wind and to prevent decline in the effectiveness by the riser, Let it be a technical 
problem to offer the high performance aerofoil which lessened decline in paragraph effectiveness 
by controlling the magnitude of the pressure gradient formed towards a center section in the 
aerofoil outlet section in aerofoil height from this chip wall surface and a base wall, and a 
secondary flow's winding, and reducing a riser. 
[0009] 

[Means for Solving the Problem] For this reason, the high performance aerofoil of this invention 
was made into the following means. The chip wall surface arranged by the three-dimensions design 
method near the chip of the aerofoil which operates in the flow of a uniform flow, And it sets on 
the high performance aerofoils which the pressure near [ which was arranged near the base of an 
aerofoil ] the base wall surface is raised, are made to reduce the cross flow in the boundary layer 
which progresses on these wall surfaces, and reduced secondary flow loss and which were 
manufactured by the perfect three-dimensions aerofoil. While the aerofoil inlet-port section 
incurvated the venter to the arc shape in the center section in aerofoil height, the aerofoil outlet 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgLeije 



2004/03/22 



3/4 v 



section made the aerofoil profile the shape of a profile which incurvated the backside to the arc 
shape in the center section in aerofoil height conversely. 

[0010] With an above-mentioned means, the high performance aerofoil of this invention can reduce 
the secondary flow in a boundary layer [ in / like the conventional perfect three-dimensions 
aerofoil / by the curve of the arc shape to the venter of the aerofoil inlet-port section / the chip 
and base wall surface and surface area of the outer-diameter edge in an aerofoil ], can press down 
development of the eddy generated from these fields, can reduce the strength of the eddy which 
flows out of the trailing edge of an aerofoil, and can reduce secondary flow loss. 
[0011] Moreover, from in addition, the thing carried out to the curve of the arc shape in which the 
aerofoil outlet section projects to a backside contrary to the curve of the arc shape of the aerofoil 
inlet-port section Forced flow on the wall surface side in the aerofoil inlet-port section, and the 
pressure drop had arisen from the chip wall surface and the base wall surface towards the center 
section in aerofoil height. The pressure gradient of a radial direction is missing from the aerofoil 
outlet section from the aerofoil inlet-port section, and becomes small gradually. It will wind, a riser 
will be reduced, secondary flow loss will be reduced, the mainstream turbulence which passes 
through the inside of the radial aerofoil of the secondary flow on the tooth back of an aerofoil 
generated with the conventional perfect three-dimensions aerofoils can decrease, and paragraph 
effectiveness can be raised. 
[0012] 

[Embodiment of the Invention] Hereafter, one gestalt of operation of the high performance aerofoil 
of this invention is explained based on a drawing. Drawing 1 is drawing showing the 1st gestalt of 
operation of the high performance aerofoil of this invention, and a perspective view to show the 
curve configuration of an arc shape prepared in a direction in aerofoil height and drawing 2 are 
perspective views to show what has arranged the high performance aerofoil shown in drawing 1 
between a chip wall surface and a base wall surface. 

[0013] As shown in drawing 1 , in the aerofoil inlet-port section 2 of an aerofoil 1, from the tip side 
and base side, the amount of protrusions by the side of an antinode 4 is enlarged gradually, and 
the configuration which curved to the arc shape of the shape of a curve made to project most to 
an antinode 4 side in the center section in aerofoil height is formed in the direction in aerofoil 
height. Namely, in the first transition 3 which is the maximum upstream edge of the aerofoil inlet- 
port section 2, the curve of the arc shape which projected only the magnitude shown by the die 
length of a view is formed in the antinode 4 direction shown by the view from radial direction R. 
[0014] Moreover, in the aerofoil outlet section 6 of an aerofoil 1, it projects from a tip side and 
base side to a backside 5 gradually, an amount is enlarged, and the curve of the arc shape of the 
shape of a curve which becomes the amount of the maximum protrusions in the center section in 
aerofoil height is formed. Namely, in the trailing edge 7 which is the lowest style edge of the 
aerofoil outlet section 6, the curve of the arc shape which made only the magnitude shown by the 
die length of a view project is formed in the backside 5 direction shown by the view from radial 
direction R. Moreover, it is made the ** kana curve which does not have a break point even if it 
turns to the aerofoil outlet section 6 from the aerofoil inlet-port section 2, and the curve of the 
arc shape prepared in a direction in these aerofoil heights is 

[0015] Since the high performance aerofoil of this invention is constituted as mentioned above, it 
is set in the aerofoil inlet-port section 2 with the deflection of the arc shape prepared in the radial 
direction of the aerofoil inlet-port section 2. On the chip wall surface 8 prepared in the tip side of 
the aerofoil 1 shown in drawing 2 , and the base wall surface 9 prepared in the base side of an 
aerofoil 1, the other side, The forcing flow 01 1 shown in drawing 4 and the same flow occur, and 
the pressure on the chip wall surface 8 and the base wall surface 9 is raised. The secondary flow 
in these wall surfaces 8 and the boundary layer which progresses on nine is reduced by these 
pressure buildups, development of the eddy generated from each of wall surfaces 8 and 9 can be 
pressed down, the strength of the eddy which flows out of the trailing edge 7 of an aerofoil 1 can 
be reduced, and secondary flow loss can be reduced like the conventional perfect Miyoshi aerofoil. 

[001 6] From the aerofoil outlet section 6 having made it the curve of the arc shape formed in the 
aerofoil inlet-port section 2, and the curve of the reverse arc shape which formed the convex in 
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the backside 5, moreover, in the aerofoil inlet-port section 2 Force flow on the chip wall surface 8 
and base wall surface 9 side, and a pressure drop arises from the chip wall surface 8 and the base 
wall surface 9 towards a center section in aerofoil height. It becomes small gradually by change of 
the configuration of the segment applied to the aerofoil outlet section 6 from the aerofoil inlet- 
port section 2 where the pressure gradient of a radial direction changes from the configuration of 
the segment projected to the venter 4 to the configuration of the segment projected to the 
backside, and ****** becomes is not less in the aerofoil outlet section 6. By disappearance of the 
pressure gradient reduced towards a center section in aerofoil height from on this chip wall 
surface 8 and the base wall surface 9, the turbulence of the rectification which would wind, and 
would reduce the riser, and secondary flow loss will reduce, and had been generated with the 
conventional perfect three-dimensions aerofoils and which passes through the inside of the radial 
aerofoil of the secondary flow in aerofoil 1 tooth back generated with the conventional perfect 
three-dimensions aerofoils can decrease, and paragraph effectiveness can be raised. 
[0017] 

[Effect of the Invention] As explained above, by the configuration which is shown in a claim 
according to the high performance aerofoil which becomes this invention It compares with the 
perfect three-dimensions aerofoil which has improved the high performance aerofoil manufactured 
by the conventional three-dimensions design method. From on a chip wall surface and a base wall 
surface, generating of the pressure gradient which changes to a direction in aerofoil height, 
respectively is controlled, the flow loss to radial [ accompanying it / of a secondary flow ] which it 
wound, and the riser was also controlled and originated in this secondary flow is reduced sharply, 
and a turbine efficiency can be raised. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 4] 
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